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SWITCHED POWER USING TELEMETRY IN 
AN IMPLANTABLE MEDICAL DEVICE 

RELATED APPLICATION 

This application claims priority to provisional U.S. Appli 
cation Ser. No. 60/589,393, ?led Jul. 20, 2004, and provi 
sional U.S. Application Ser. No. 60/589,950, ?led Jul. 21, 
2004. 

FIELD OF THE INVENTION 

The present invention relates generally to implantable 
medical devices and, more particularly, to implantable medi 
cal devices providing a therapeutic electrical output and tran 
scutaneous telemetry. 

BACKGROUND OF THE INVENTION 

Implantable medical devices for producing a therapeutic 
result in a patient are Well knoWn. Examples of such implant 
able medical devices include implantable drug infusion 
pumps, implantable neurostimulators, implantable cardio 
verters, implantable cardiac pacemakers, implantable 
de?brillators and cochlear implants. Some of these devices, if 
not all, and other devices either provide an electrical output or 
otherWise contain electrical circuitry to perform their 
intended function. 

It is common for implantable medical devices, including 
implantable medical devices providing an electrical thera 
peutic output, to utiliZe transcutaneous telemetry to transfer 
information to and from the implanted medical device. Infor 
mation typically transferred to an implanted medical device 
includes transferring instructions or programs to the 
implanted medical device from an external device such as an 
external programmer. Information typically transferred from 
an implanted medical includes information regarding the sta 
tus and/ or performance of the implanted medical device. 

Typical telemetry communication involves analog electri 
cal components Which sometimes operate at greater voltages 
and/ or greater currents than digital circuits. Thus, telemetry 
modules and associated circuitry often provide a signi?cant 
drain on poWer resources of implantable medical devices. 

BRIEF SUMMARY OF THE INVENTION 

Since implantable medical devices typically are con 
strained in physical siZe, longevity or both, conservation of 
internal poWer resources is of great importance. 
An embodiment of the present invention poWers at least 

some of the internal components of the implanted medical 
device using poWer derived from the telemetry signal trans 
mitted by an external device such as is commonly used to 
control and/ or program such implanted medical device. 
By using poWer from the external programmer/ controller 

during telemetry, precious internal poWer, typically supplied 
by an internal battery, may be conserved. 

In an embodiment of the invention, the voltage derived 
from the received telemetry transmission is monitored. If the 
voltage is greater than the voltage available from the internal 
poWer source of the implanted medical device, poWer from 
the telemetry signal is delivered to at least some components 
of the implanted medical devices, such as components of the 
telemetry section on the implanted medical device. When the 
voltage available from the telemetry signal is loWer than the 
voltage available from the internal poWer source, then poWer 
is sWitched back to the internal poWer source. 
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2 
Using the voltage on the antenna to raise the supply voltage 

on the receiver alloWs the user to communicate in a noisy 
environment by increasing the doWnlink strength to levels 
above the noise ?oor of the receiver. 

In an embodiment, the present invention provides an 
implantable medical device for providing a therapeutic output 
to a patient and con?gured for transcutaneous telemetry com 
munication With an external device via a telemetry signal. An 
electronics module is adapted to supply the therapeutic output 
to the patient. A telemetry module is con?gured for the tran 
scutaneous telemetry communication. The telemetry module 
obtaining poWer from the telemetry signal during transcuta 
neous telemetry communication. 

In an alternative embodiment, the present invention pro 
vides a system for providing a therapeutic output to a patient 
having an external device con?gured for transcutaneous 
telemetry communication With the implantable medical 
device and the implantable medical device described above. 

In an alternative embodiment, the present invention pro 
vides an implantable medical device for providing a thera 
peutic output to a patient, con?gured for transcutaneous 
telemetry communication With an external device. An elec 
tronics module is adapted to supply the therapeutic output to 
the patient. A telemetry module is con?gured for transcuta 
neous telemetry communication using a telemetry signal. A 
sWitching module, operatively coupled to the poWer source 
and the telemetry module, provides poWer for the telemetry 
module from the telemetry signal When the telemetry signal is 
available. 

In an alternative embodiment, the present invention pro 
vides a system for providing a therapeutic output to a patient 
having an external device con?gured for transcutaneous 
telemetry communication With the implantable medical 
device and an implantable medical device as described above. 

In an alternative embodiment, the present invention pro 
vides a method of providing transcutaneous telemetry com 
munication With an implanted medical device having an inter 
nal poWer source. Transcutaneous telemetry communication 
is provided With a telemetry module of the implanted medical 
device using a telemetry signal. PoWer is supplied to the 
telemetry module in the implanted medical device With the 
internal poWer source When the telemetry signal is not avail 
able. PoWer is supplied to the telemetry module in the 
implanted medical device With the telemetry signal When the 
telemetry signal is available. 

In a preferred embodiment, the telemetry module relies 
upon poWer from the telemetry signal to supplement poWer 
from the internal poWer source. 

In a preferred embodiment, the telemetry module obtains 
poWer from one of an internal poWer source and the telemetry 
signal. 

In a preferred embodiment, the telemetry module obtains 
poWer from the telemetry signal instead of from the internal 
poWer source When the telemetry signal is available. 

In a preferred embodiment, the telemetry module alWays 
obtains poWer from the telemetry signal instead of from the 
internal poWer source Whenever the telemetry signal is avail 
able. 

In a preferred embodiment, the telemetry module obtains 
poWer from the telemetry signal Whenever energy from the 
telemetry signal is su?icient to poWer the telemetry module. 

In a preferred embodiment, the telemetry module obtains 
poWer from the telemetry signal instead of the internal poWer 
source Whenever energy from the telemetry signal is su?i 
cient to poWer the telemetry module. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an implantable medical device 
used in conjunction With an external device; 

FIG. 2 is a more detailed block diagram of a portion of the 
external device; 

FIG. 3 is a more detailed block diagram of a portion of the 
implantable medical device; 

FIG. 4 is a schematic diagram of the receive module in 
implantable medical device; 

FIG. 5 shoWs an ideal telemetry burst; 
FIG. 6 shoWs an non-ideal telemetry burst; 
FIG. 7 illustrates in betWeen burst peak tracker operation; 
FIG. 8 illustrates a peak tracking signal on a telemetry 

burst; 
FIG. 9 is a ?xed threshold control block circuit diagram; 
FIG. 10 illustrates a trigger signal ?oW diagram; 
FIG. 11 illustrates differential trigger operation; and 
FIG. 12 illustrates a pulse Width timer signal ?oW diagram; 
FIG. 13 is a schematic block diagram of a receive module 

in an external device. 
FIG. 14 is a schematic diagram is a poWer supply sWitched 

voltage circuit. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention have usefulness in 
many different implantable medical devices. A preferred 
embodiment of the present invention is especially useful in an 
implantable medical device providing electrical stimulation 
therapy. An example of such a device, system and method is 
described in US. Pat. No. 6,505,077, Kast et al, Implantable 
Medical Device With External Recharging Coil Electrical 
Connection, the content of Which are hereby incorporated by 
reference. 
A close-up diagrammatic vieW of implantable medical 

device 10 implanted into patient 12 is illustrated in FIG. 1. 
Implantable medical device 10 is generally composed of 
therapy module 14 Which provides a therapeutic output 16 to 
patient 12, telemetry module 18 and poWer supply 20 provid 
ing electrical poWer to both therapy module 14 and telemetry 
module 18. In general, implantable medical device may by 
any of a variety of commonly available implantable medical 
devices providing a therapeutic output 16 to a patient 12. 
Examples, of such devices include, but are not limited to, 
implantable neuro stimulators, drug pumps, cardiac pacemak 
ers and de?brillators and other devices. Therapy modules 14 
associated With such implantable medical devices 10 are Well 
knoWn in the industry. 

Telemetry module 18 may be any of a variety of commonly 
knoWn and available modules for supporting transcutaneous 
communication betWeen implantable medical device 10 and 
external device 22 Which is generally used for controlling or 
programming implantable medical device 10 or for providing 
information regarding the condition, state, status or history of 
implantable medical device 10 or information relating to 
patient 12. Telemetry techniques are commonly knoWn in the 
industry and typically involve the transmission and reception 
of an electromagnetic Wave betWeen implantable medical 
device 10 and external device 22. Any of a number of com 
monly available telemetry schemes may be utiliZed. 

PoWer source 20 may be any of a variety of commonly 
knoWn and available poWer supply such as chemical batteries 
and, in particular, rechargeable batteries. PoWer source 20 
may provide electrical poWer to both therapy module 14 and 
telemetry module 18 although it is to be recognized and 
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4 
understood that therapy module 14 and telemetry module 18 
may have their oWn separate poWer sources. 

Telemetry antenna 24, coupled to telemetry module 18, is 
adapted to receive electromagnetic signals sent transcutane 
ously from external device 22 and to transmit electromagnetic 
signals toWard external device 22. 
PoWer antenna 26, coupled to poWer source 20, is adapted 

to receive electromagnetic energy from external device 22 for 
the purpose of supplying energy to implantable medical 
device 10, including, but not limited to, recharging of poWer 
source 20. 

While shoWn separately, telemetry antenna 24 may be 
nested With poWer antenna 26 or, in an alternative embodi 
ment, telemetry antenna 24 may be combined With poWer 
antenna 26. 

External device 22 contains control module 28 Which is 
coupled to telemetry antenna 30 and is adapted to either 
control or program implantable medical device 10 or provide 
information about implantable medical device 10 or patient 
12 through telemetry communication With implantable medi 
cal device 10 using transcutaneous electromagnetic signals 
betWeen telemetry antenna 30 of external device 22 and 
telemetry antenna 24 of implantable medical device. 

External device 22 also contains charging module 32 
Which is coupled to charging antenna 34 and is adapted to 
transmit electromagnetic energy to poWer source 20 of 
implantable medical device 10 through poWer antenna 26. 
Such transcutaneous electromagnetic energy transfer is con 
ventional and Well knoWn in the art. 

It is to be noted that While external device 22 is shoWn as 
containing both control module 28 and charging module 32, 
it is to be recognized and understood that the control and/or 
programming functions and energy transfer function of exter 
nal device 22 could be implemented in separate and indepen 
dent devices. 

FIG. 2 illustrates a partial block diagram vieW of external 
device 22 shoWing control module 28 and telemetry antenna 
30. Control module 28 operates to communicate bi-direction 
ally With implantable medical device 10 through transmit 
module 36 and receive module 38. Transmit module 36 is 
responsible for providing data and communication format 
ting for communication from external device 22 to implant 
able medical device 10. Receive module 38 is responsible for 
decoding transmitted information received from implantable 
medical device 10. Transmit module 36 and receive module 
38 are illustrated coupled to a single telemetry antenna 30. It 
is to be recogniZed and understood that transmit module 36 
and receive module 38 may utiliZe a common telemetry 
antenna 30 or may utiliZe separate and independent antennas. 

FIG. 3 illustrates a partial block diagram vieW of implant 
able medical device 10 shoWing telemetry module 18 and 
telemetry antenna 24. Telemetry module 18 operates to com 
municate bi-directionally With external device 22 through 
transmit module 40 and receive module 42. Transmit module 
40 is responsible for providing data and communication for 
matting for communication from implantable medical device 
10 to external device 22. Receive module 42 is responsible for 
decoding transmitted information received from external 
device 22. Transmit module 40 and receive module 42 are 
illustrated coupled to a single telemetry antenna 24. It is to be 
recogniZed and understood that transmit module 40 and 
receive module 42 may utiliZe a common telemetry antenna 
24 or may utiliZe separate and independent antennas. 

Implantable medical device 10 may generate signi?cant 
electromagnetic energy in its normal operation. Such electro 
magnetic energy may be generated, for example, in the pro 
vision of an electrical stimulus pulse or signal train in a 
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neurostimulator. Even drug pumps may produce signi?cant 
electromagnetic energy in the provision of a medicant to 
patient 12 since such devices may employ an electrically 
operated motor or pump Which may produce electromagnetic 
signal or noise spikes during their operation. Alternatively or 
in addition, substantial electromagnetic is associated With the 
provision of transcutaneous energy transfer to either supply 
poWer to implantable medical device 10 or to recharge poWer 
source 20. 

In such situations, electromagnetic noise may droWn out 
telemetry signals passing either from external device 22 to 
implantable medical device 10 or vice versa. Implantable 
medical device 10 employs receive module 42 adapted to 
enable to receipt of intelligible telemetry information from 
external device 22 even While implantable medical device 10 
is generating signi?cant electromagnetic signals through the 
provision of therapeutic output 16, e.g., an electrical stimulus 
or noise associated With a drug pump, or While implantable 
medical device 10 is receiving electromagnetic energy from 
charging module of external device 22. 

Capacitors 44 and 46 (see FIG. 4) are center grounded and 
coupled to receiving coil 48. Zener diode 50, capacitor 52 and 
resistor 54 along With center grounded capacitors 44 and 46 
provide a ?oating reference level around Which telemetry 
signals appearing at receiving coil 48 may be detected. 
Receive module 42 operates to produce a digital “one” pro 
vided that the amplitude of the oscillating telemetry signal 
appearing on center-grounded receiving coil 48 are above a 
predetermined level of the ?oating reference level. 

Input stage 56 provides a common mode ampli?er feeding 
both high trigger circuit 58 and loW trigger circuit 60. High 
trigger circuit 58 is fed to a high pulse Width timer 62 to 
provide a knoWn minimum pulse Width output from high 
trigger circuit 58. LoW pulse Width timer circuit 64 similarly 
provides a knoWn minimum pulse output from loW trigger 
circuit 60. 

Dual high and loW trigger circuits 58 and 60 provide a dual 
channel threshold detector. 

Receive module 42 also contains differential ampli?er 66 
providing a differential output from receiving coil 48 adjust 
able from adjustable resistor 54. Differential pulse Width 
timer 68 provides a knoWn pulse minimum Width output from 
differential ampli?er 66. 
Common mode ampli?er 70 is referenced to a constant 

voltage, in this case 800 millivolts. 
The output of common mode ampli?er 70 is “ORed” With 

the output from differential pulse Width timer 68 in OR gate 
72. In other Words, OR gate 72 passes a high signal Whenever 
either the output from common mode ampli?er 70 or differ 
ential pulse Width timer 68 is high. 

The output of each of high pulse Width timer 62 and loW 
pulse Width timer 64 is “ANDed” With the output from OR 
gate 72 in AND gates 74 and 76, respectively. In other Words, 
the output from AND gate 74 is high Whenever the outputs 
from both high pulse Width timer 62 and OR gate 72 is high. 
Similarly, the output from AND gate 76 is high Whenever the 
outputs from both loW pulse Width timer 64 and OR gate 72 is 
high. 

The outputs of OR gates 74 and 76 are “ORed” in OR gate 
78. The result is that receive module 42 passes a high signal 
Whenever the output of either high trigger circuit 58 or loW 
trigger circuit 60 is if either the output of differential trigger 
66 or common mode ampli?er is high. 

In a preferred embodiment, the telemetry signal broadcast 
by the external device 22 has a base band of 4.4 kilobits per 
second and a carrier frequency of 175 kiloHertZ. The telem 
etry signal is amplitude modulated. One’s and Zero’s are 
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6 
communicated using a psuedo-AM (amplitude modulation) 
communication scheme Where the length of each pulse and 
the time in betWeen pulses determines if the pulse represents 
a 1 or a 0. FIG. 5 shoWs an ideal Telemetry N burst With the 1’ s 
and the 0’s labeled to shoW timing differences betWeen the 
tWo. 

The external device 22, hoWever, may not produce an ideal 
telemetry burst. A non-ideal telemetry burst may have a rise 
time Where the beginning cycles do not reach full amplitude 
for a certain amount of time. FIG. 6 shoWs an example of a 
non-ideal telemetry burst. 

Receive module 42 provides peak tracking and dynamic 
threshold control. The ?rst function is tracking the peak of the 
received telemetry signal. A RC time constant is set to hold 
this peak value for a certain amount of time in betWeen bursts 
and after the end-of-mes sage signal. The second function is to 
set the dynamic threshold. This is accomplished by taking a 
certain percentage of the peak voltage (determined by the 
peak tracking function) and sending it on, in the form of an 
offset, to the trigger circuits 58 and 60. 
The peak of the received telemetry signal is tracked using 

the peak tracker. The peak voltage is set-up on the hybrid 
capacitors 44 and 46. A time constant is involved in setting up 
the peak voltage because of the RC time constant. 
The peak tracker is designed to hold the dynamic threshold 

to a certain percentage of the peak voltage in betWeen bursts. 
It is the intent of the peak tracker to only let the peak voltage 
set on the capacitor drop 10% in betWeen bursts. The Worst 
case ~2 millisecond time constant alloWs the peak tracker to 
only lose 10% of the peak value during the longest loW-time 
of the message. FIG. 7 illustrates in betWeen burst peak 
tracker operation. 
The longest loW-time in a message is 48 cycles, or 275 

microseconds, just before the 16 cycle end-of-message burst. 
If We again look to the equation 

and set V to 90% of V0 and set the time to be 275 microsec 
onds We can solve for the time constant needed to keep the 
peak tracker at 90% of the peak signal in betWeen bursts. 

After the message is ?nished the voltage on capacitors 44 
and 46 Will clear according to the time constant as Well. The 
capacitors 44 and 46 Will be de?ned as cleared once it has 
decayed doWn to 10% of its original value. 

FIG. 8 shoWs a reasonable telemetry burst With an expo 
nentially rising peak tracking signal. 
The dynamic threshold control uses the voltage created by 

the peak voltage detector and takes some percentage of that 
voltage. The percentage of the peak voltage is used as the neW 
receiver threshold during a message. The dynamic threshold 
alloWs communication in a noisy environment by increasing 
the detection threshold When there is su?icient signal on the 
coil. 
The design has the option of changing the percentage of the 

peak received voltage that the dynamic threshold Will rise to 
is adjustable resistor 54. 
The ?xed threshold control block controls the ?xed thresh 

old level. This block uses the peak of the signal measured 
using the peak signal from the peak detector and dynamic 
threshold control block and compares it to a ?xed threshold 
level set for a speci?c device. If the peak of the signal is larger 
than the ?xed threshold level the receiver’ s comparator block 



US 7,711,433 B2 
7 

is activated using a signal. If the peak signal is smaller than the 
?xed threshold level of the receiver the comparator block is 
de-activated. 

FIG. 9 shoWs that the ?xed threshold level is realiZed by 
sending a current through a resistor and measuring the voltage 
across that resistor. This voltage is then compared to the peak 
voltage measured in the peak tracker and dynamic threshold 
control. 
As noted in the purpose statement, receive module 42 

senses and conditions the telemetry antenna voltage received 
at the physical layer and creates a digital signal that represents 
the telemetry signal at the data-link layer. Receive module 42 
also provides the signal-to-noise ratio necessary to maintain 
operation during stimulation. 
A peak tracker tracks the peak of the antenna voltage across 

Zener diode 50. A time constant sets the groWth and decay 
properties of the peak voltage as compared to the telemetry 
(or noise) burst. The voltage created using the RC is consid 
ered the peak of the telemetry burst. This peak voltage is then 
used in the ?xed threshold to determine if the telemetry burst 
is above the ?xed threshold. The peak voltage is also used to 
set the dynamic threshold. 
The peak tracker block also provides a bias for input stage 

56. 
Input stage 56 acts as a pre-ampli?er With non-linear com 

pression and gain for the high and loW signal paths of the 
receive module 42. Input stage 56 ampli?es the differential 
and ?lters the common mode signal betWeen both sides of the 
antenna. These ampli?ed signals are both sent directly to the 
high and loW trigger circuits (58 and 60) for further process 
ing. When the signal level is greater, the signal is sent to the 
loW channel trigger circuit 60. When the signal level is less, 
the signal is sent to the high channel trigger circuit 58. 

Input stage 56 also provides a band pass function. 
Common mode ampli?er 70 provides a ?xed threshold 

control ensuring that a signal beloW the ?xed threshold does 
not cause the receive module 42 to trip. The ?xed threshold 
control uses a comparator 70 to compare the peak voltage of 
the received signal from the peak tracker to the ?xed threshold 
voltage (800 millivolts). If the peak voltage of the received 
signal is larger than the ?xed threshold level comparator 70 
Will be activated. If the peak of the received signal is smaller 
than the ?xed threshold level the comparator 70 Will be de 
activated. 

High and loW trigger circuits 58 and 60 are identical and are 
basically Schmitt triggers that trigger When one input goes 
negative or positive relative to the other input. The high and 
loW trigger circuits are then able to create a digital signal that 
should represent the carrier frequency of 175 kiloHertZ. 
The basic signal How is shoWn in FIG. 10. 
The differential noise trigger 66 provides a dynamic 

threshold to ?lter out loW-level noise When the signal level is 
large enough. 

FIG. 11 shoWs hoW the differential noise trigger 66 ignores 
the loW-level noise When the signal level seen on receive coil 
48 is large enough. 

The high and loW pulse-Width timers (62 and 64) are iden 
tical and perform the same function for their respective signal 
paths. They are re-triggerable time-out timers that use the 
output of the triggers (high and loW respectively.) 

The pulse-Width timers (62 and 64) effectively ?lter out the 
carrier frequency of 175 kiloHertZ and create a 4.4 kilobits per 
second signal. The timers accomplish this by looking for the 
input signal to go high (2 volts) and setting a timer. As soon as 
the input signal goes high the timer is set and the output signal 
goes high. If the input signal is high When the timer has 
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8 
expired the timer Will reset and the output signal Will remain 
high. If the input signal is loW When the timer expires the 
output signal Will go loW. 

FIG. 12 shoWs the signal How of the pulse Width timers 62 
and 64. The signal from the triggers is taken and the pulse 
Width timer creates the 4.4 kilobit per second signal. 

Differential pulse Width timer 68 performs the same func 
tion for differential trigger 66 as the high and loW pulse Width 
timers (62 and 64) do for high and loW triggers (58 and 60) 
and is also re-triggerable. 

Differential trigger 66 acts as a sWitch to turn on the dif 
ferential noise ?ltering. Differential trigger 66 compares a 
percentage of the voltage of the received signal across receive 
coil 48 to a predetermined voltage level. When the received 
voltage is larger than a predetermined voltage value, differ 
ential ?ltering is enabled. Differential ?ltering ?lters out loW 
level noise When there is a large amplitude on the received 
telemetry signal. 

After a transmission has occurred, the capacitor on the 
peak tracker should be cleared. If the capacitor is not cleared, 
the receive module 42 could ignore a telemetry doWnlink 
because the dynamic threshold Would be set high because of 
a voltage on the peak tracker capacitor. The capacitor is 
shorted When the transmitter is inactive and the receiver is 
active. 

Uplink telemetry communication is achieved by utiliZing 
transmit module 40 in implantable medical device 10 and 
receive module 38 in external device 22. Transmit module 40 
is conventional in nature and Well knoWn in the art using 
conventional techniques. 

Receive module 38 in external device 22 is much more 
straight forward than receive module 42 in implantable medi 
cal device. Telemetry antenna 30 is coupled directly to trans 
former 80. The signal from transformer 80 is ampli?ed in 
ampli?er 82 and full Wave recti?ed in full Wave recti?er 84. 
Peak detector 86 uses a series diode and a parallel capacitor to 
detect a peak value. A threshold is established is threshold 
block 88 consisting of a voltage divider. Comparator 90 com 
pares the signal from full Wave recti?er 84 and the signal from 
the threshold block 88 to produce a positive output When the 
full Wave recti?ed signal is above the threshold signal. 

Operation of any circuitry in implantable medical device 
consumes poWer. Since siZe and longevity are usually pri 
mary concerns for implantable medical devices, any poWer 
savings can yield either siZe or longevity improvements or 
both. The telemetry module 18 as Well as transmit module 40 
and receive module 42 consume poWer in implantable medi 
cal device 10. This is particularly true since many compo 
nents contained in the transmit and receive modules 40 and 42 
are analog components and, as such, may require voltages and 
currents in excess of that typically required by digital com 
ponents. 

SWitched supply block 92 provides poWer to one or more of 
telemetry module 18, transmit module 40 and/ or receive 
module 42 from the telemetry signal When implantable medi 
cal device 10 is receiving a telemetry signal. SWitched supply 
block 92 provides poWer to circuits that need a high-voltage 
poWer supply When high voltage levels are seen on telemetry 
antenna 24 While receiving a telemetry transmission. 
SWitched supply block 92 illustrated in FIG. 14 is a tWo-FET 
Well-sWitcher that places the voltage from either the internal 
poWer source or sWitched supply from the telemetry antenna 
depending on Which one is larger. Peripheral circuitry has 
been added to the Well-sWitcher to ensure proper operation 
under all system conditions. 

SWitched supply block 92 is a Well sWitcher that chooses 
the higher of the tWo voltages to supply a number of circuits 
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in receive module 42. Switched supply block 92 allows the 
receive module 42 to use the energy on the receive coil 48 to 
poWer the receive module 42 during telemetry reception 
When the received signal amplitude creates a voltage that is 
larger than the internal poWer source voltage. 

SWitched supply block 92 has hysteresis around 4.0 volts. 
When the voltage on receive coil 48 is increasing the sWitched 
supply block 92 Will begin using this voltage as a supply 
voltage as soon as it is greater than the voltage of the internal 
poWer source. 

Voltage 94 from the internal poWer source is available to 
sWitched supply block 92. Also available is voltage 96 from 
receive coil 48. Voltage 94 from the internal poWer source of 
implantable medical device 10 is fed to ?eld effect transistor 
(PET) 98 While voltage 96 from receive coil 48 is fed to ?eld 
effect transistor (PET) 100. SWitch control logic 102 is 
coupled to both voltages 94 and 96 and controls FETs 98 and 
100 to effectively sWitch betWeen voltage sources depending 
upon Which voltage source is higher. The sWitched supply 
block 92 output voltage 104 is taken from the outputs of both 
FETs 98 and 100 and stabiliZed With capacitor 106. 

The contents of provisional U.S. Application Ser. No. 
60/589,393, ?led Jul. 20, 2004, and provisional U.S. Appli 
cation Ser. No. 60/589,950, ?led Jul. 21, 2004, are hereby 
incorporated by reference. 

Thus, embodiments of the concurrent delivery of treatment 
therapy With telemetry in an implantable medical device are 
disclosed. One skilled in the art Will appreciate that the 
present invention can be practiced With embodiments other 
than those disclosed. The disclosed embodiments are pre 
sented for purposes of illustration and not limitation, and the 
present invention is limited only by the claims that folloW. 

What is claimed is: 
1. An implantable medical device for providing a therapeu 

tic output to a patient and being con?gured for transcutaneous 
telemetry communication With an external device via a telem 
etry signal, comprising; 

an internal poWer source; 
an electronics module adapted to supply said therapeutic 

output to said patient; 
a telemetry module con?gured for said transcutaneous 

telemetry communication; and 
said telemetry module obtaining poWer to operate said 

telemetry module from said telemetry signal during 
transcutaneous telemetry communication. 

2. An implantable medical device as in claim 1 Wherein 
said telemetry module relies upon poWer from said telemetry 
signal to supplement poWer from said internal poWer source. 

3. An implantable medical device as in claim 1 Wherein 
telemetry module obtains poWer from one of said internal 
poWer source and said telemetry signal. 

4. An implantable medical device as in claim 1 Wherein 
said telemetry module obtains poWer from said telemetry 
signal instead of from said internal poWer source When said 
telemetry signal is available. 

5. An implantable medical device as in claim 4 Wherein 
said telemetry module alWays obtains poWer from said telem 
etry signal instead of from said internal poWer source When 
ever said telemetry signal is available. 

6. An implantable medical device as in claim 1 Wherein 
said telemetry module obtains poWer from said telemetry 
signal Whenever energy from said telemetry signal is su?i 
cient to poWer said telemetry module. 

7. An implantable medical device as in claim 6 Wherein 
said telemetry module obtains poWer from said telemetry 
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10 
signal instead of said internal poWer source Whenever energy 
from said telemetry signal is su?icient to poWer said telem 
etry module. 

8. A system for providing a therapeutic output to a patient, 
comprising; 

an external device con?gured for transcutaneous telemetry 
communication With said implantable medical device; 
and 

said implantable medical device as in claim 1. 
9. An implantable medical device for providing a therapeu 

tic output to a patient, con?gured for transcutaneous telem 
etry communication With an external device, comprising; 

an internal poWer source; 

an electronics module adapted to supply said therapeutic 
output to said patient; 

a telemetry module con?gured for transcutaneous telem 
etry communication using a telemetry signal; and 

a sWitching module, operatively coupled to said poWer 
source and said telemetry module, providing poWer to 
operate said telemetry module from said telemetry sig 
nal When said telemetry signal is available. 

10. An implantable medical device as in claim 9 Wherein 
said telemetry module relies upon poWer from said telemetry 
signal to supplement poWer from said internal poWer source. 

11. An implantable medical device as in claim 9 Wherein 
said sWitching module supplies poWer to said telemetry mod 
ule from one of said internal poWer source and said telemetry 
signal. 

12. An implantable medical device as in claim 9 Wherein 
said sWitching module supplies poWer to said telemetry mod 
ule from telemetry signal instead of from said internal poWer 
source When said telemetry signal is available. 

13. An implantable medical device as in claim 12 Wherein 
said sWitching module alWays supplies poWer to said telem 
etry module from said telemetry signal instead of from said 
internal poWer source Whenever said telemetry signal is avail 
able. 

14. An implantable medical device as in claim 9 Wherein 
said sWitching module supplies poWer to said telemetry mod 
ule from said telemetry signal Whenever poWer from said 
telemetry signal is suf?cient to poWer said telemetry module. 

15. An implantable medical device as in claim 14 Wherein 
sWitching module supplies poWer to said telemetry module 
from said telemetry signal instead of from said internal poWer 
source Whenever energy from said telemetry signal is su?i 
cient to poWer said telemetry module. 
16.A system for providing a therapeutic output to a patient, 

comprising; 
an external device con?gured for transcutaneous telemetry 

communication With said implantable medical device; 
and 

said implantable medical device as in claim 9. 
17. A method of providing transcutaneous telemetry com 

munication With an implanted medical device having an inter 
nal poWer source, comprising the steps of: 

providing said transcutaneous telemetry communication 
With a telemetry module of said implanted medical 
device using a telemetry signal; 

supplying poWer to said telemetry module in said 
implanted medical device With said internal poWer 
source When said telemetry signal is not available; and 

supplying poWer to said telemetry module in said 
implanted medical device With said telemetry signal to 
operate said telemetry module When said telemetry sig 
nal is available. 
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18. A method of providing transcutaneous telemetry com 
munication With an implanted medical device having an inter 
nal power source, comprising the steps of: 

providing said transcutaneous telemetry communication 
With a telemetry module of said implanted medical 
device using a telemetry signal; 

supplying poWer to said telemetry module in said 
implanted medical device With said internal poWer 
source When said telemetry signal is not available; and 

supplying poWer to said telemetry module in said 
implanted medical device With said telemetry signal to 
operate said telemetry module When said telemetry sig 
nal is available; 

Wherein said supplying poWer to said telemetry module in 
said implanted medical device With said telemetry signal 
step supplements poWer from said internal poWer 
source. 

19. A method as in claim 18 Wherein said supplying poWer 
to said telemetry module in said implanted medical device 
With said telemetry signal step replaces poWer from said 
internal poWer source. 

20. A method as in claim 18 Wherein said supplying poWer 
to said telemetry module in said implanted medical device 
With said telemetry signal step is alWays accomplished When 
ever said telemetry signal is available. 

21. A method as in claim 18 Wherein said supplying poWer 
to said telemetry module in said implanted medical device 
With said telemetry signal step is accomplished Whenever 
energy from said telemetry signal is su?icient to poWer said 
telemetry module. 

22. A method as in claim 21 Wherein said supplying poWer 
to said telemetry module in said implanted medical device 
With said telemetry signal step is accomplished instead of said 
supplying poWer to said telemetry module in said implanted 
medical device With said internal poWer source step Whenever 
energy from said telemetry signal is su?icient to poWer said 
telemetry module. 

23. An implantable medical device for providing a thera 
peutic output to a patient and being con?gured for transcuta 
neous telemetry communication With an external device via a 
telemetry signal, comprising; 

a poWer antenna; 
an internal battery operatively coupled to said poWer 

antenna and adapted to obtain poWer from said poWer 
antenna; 

an electronics module operatively coupled to receive 
poWer from said internal battery, said electronics mod 
ule adapted to supply said therapeutic output to said 
patient; 

a telemetry antenna; and 
a telemetry module operatively coupled to said telemetry 

antenna and con?gured for said transcutaneous telem 
etry communication; 

said telemetry module obtaining poWer to operate said 
telemetry module from said telemetry signal during 
transcutaneous telemetry communication. 

24. An implantable medical device as in claim 23 Wherein 
said telemetry module relies upon poWer from said telemetry 
signal to supplement poWer from said internal battery. 

25. An implantable medical device as in claim 23 Wherein 
said telemetry module obtains poWer from one of said internal 
battery and said telemetry signal. 

26. An implantable medical device as in claim 23 Wherein 
said telemetry module obtains poWer from said telemetry 
signal instead of from said internal battery When said telem 
etry signal is available. 
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27. An implantable medical device as in claim 26 Wherein 

said telemetry module alWays obtains poWer from said telem 
etry signal instead of from said internal battery Whenever said 
telemetry signal is available. 

28. An implantable medical device as in claim 23 Wherein 
said telemetry module obtains poWer from said telemetry 
signal Whenever energy from said telemetry signal is sul? 
cient to poWer said telemetry module. 

29. An implantable medical device as in claim 28 Wherein 
said telemetry module obtains poWer from said telemetry 
signal instead of said internal battery Whenever energy from 
said telemetry signal is su?icient to poWer said telemetry 
module. 

30. An implantable medical device as in claim 23 Wherein 
said transcutaneous telemetry communication is bi-direc 
tional. 

31 . A system for providing a therapeutic output to a patient, 
comprising; 

an external device con?gured for transcutaneous telemetry 
communication With said implantable medical device; 
and 

said implantable medical device as in claim 23. 
32. An implantable medical device for providing a thera 

peutic output to a patient, con?gured for transcutaneous 
telemetry communication With an external device, compris 
111%; 

a poWer antenna; 
an internal battery operatively coupled to said poWer 

antenna and adapted to obtain poWer from said poWer 
antenna; 

an electronics module operatively coupled to receive 
poWer from said internal battery, said electronics mod 
ule adapted to supply said therapeutic output to said 
patient; 

a telemetry antenna; 
a telemetry module operatively coupled to said telemetry 

antenna and con?gured for transcutaneous telemetry 
communication using a telemetry signal; and 

a sWitching module, operatively coupled to said battery 
and said telemetry module, providing poWer to operate 
said telemetry module from said telemetry signal When 
said telemetry signal is available. 

33. An implantable medical device as in claim 32 Wherein 
said telemetry module relies upon poWer from said telemetry 
signal to supplement poWer from said internal battery. 

34. An implantable medical device as in claim 32 Wherein 
said sWitching module supplies poWer to said telemetry mod 
ule from one of said internal battery and said telemetry signal. 

35. An implantable medical device as in claim 32 Wherein 
said sWitching module supplies poWer to said telemetry mod 
ule from telemetry signal instead of from said internal battery 
When said telemetry signal is available. 

36. An implantable medical device as in claim 35 Wherein 
said sWitching module alWays supplies poWer to said telem 
etry module from said telemetry signal instead of from said 
internal battery Whenever said telemetry signal is available. 

37. An implantable medical device as in claim 32 Wherein 
said sWitching module supplies poWer to said telemetry mod 
ule from said telemetry signal Whenever poWer from said 
telemetry signal is suf?cient to poWer said telemetry module. 

38. An implantable medical device as in claim 37 Wherein 
said sWitching module supplies poWer to said telemetry mod 
ule from said telemetry signal instead of from said internal 
battery Whenever energy from said telemetry signal is sul? 
cient to poWer said telemetry module. 
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39. An implantable medical device as in claim 32 Wherein 
said transcutaneous telemetry communication is bi-direc 
tional. 

40.A system for providing a therapeutic output to a patient, 
comprising; 

an external device con?gured for transcutaneous telemetry 
communication With said implantable medical device; 
and 

said implantable medical device as in claim 32. 
41. A method of providing transcutaneous telemetry com 

munication With an implanted medical device having an inter 
nal battery operatively coupled to a poWer antenna and a 
telemetry module operatively coupled to a telemetry antenna, 
comprising the steps of: 

providing poWer to said internal battery by Way of a poWer 
signal transmitted to said poWer antenna; 

providing said transcutaneous telemetry communication 
With said telemetry module of said implanted medical 
device by Way of said telemetry antenna using a telem 
etry signal; 

supplying poWer to said telemetry module in said 
implanted medical device With said internal battery 
When said telemetry signal is not available; and 

supplying poWer to said telemetry module in said 
implanted medical device With said telemetry signal to 
operate said telemetry module When said telemetry sig 
nal is available. 

42. A method as in claim 41 Wherein said transcutaneous 
telemetry communication is bi-directional. 

43. A method of providing transcutaneous telemetry com 
munication With an implanted medical device having an inter 
nal battery operatively coupled to a poWer antenna and a 
telemetry module operatively coupled to a telemetry antenna, 
comprising the steps of: 

providing poWer to said internal battery by Way of a poWer 
signal transmitted to said poWer antenna; 
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14 
providing said transcutaneous telemetry communication 

With said telemetry module of said implanted medical 
device by Way of said telemetry antenna using a telem 
etry signal; 

supplying poWer to said telemetry module in said 
implanted medical device With said internal battery 
When said telemetry signal is not available; and 

supplying poWer to said telemetry module in said 
implanted medical device With said telemetry signal to 
operate said telemetry module When said telemetry sig 
nal is available; 

Wherein said supplying poWer to said telemetry module in 
said implanted medical device With said telemetry signal 
step supplements poWer from said internal battery. 

44. A method as in claim 43 Wherein said supplying poWer 
to said telemetry module in said implanted medical device 
With said telemetry signal step replaces poWer from said 
internal battery. 

45. A method as in claim 43 Wherein said supplying poWer 
to said telemetry module in said implanted medical device 
With said telemetry signal step is alWays accomplished When 
ever said telemetry signal is available. 

46. A method as in claim 43 Wherein said supplying poWer 
to said telemetry module in said implanted medical device 
With said telemetry signal step is accomplished Whenever 
energy from said telemetry signal is su?icient to poWer said 
telemetry module. 

47. A method as in claim 46 Wherein said supplying poWer 
to said telemetry module in said implanted medical device 
With saidtelemetry signal step is accomplished instead of said 
supplying poWer to said telemetry module in said implanted 
medical device With said internal battery step Whenever 
energy from said telemetry signal is su?icient to poWer said 
telemetry module. 

48. A method as in claim 43 Wherein said transcutaneous 
telemetry communication is bi-directional. 

* * * * * 


